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(57) Abstract: A modular elongated stent having an overlap region where two modular components fit together, the overlap region 
being relatively stiff as compared to another more flexible region of the stent when the stent is in an assembled configuration, the 
stent further comprising a mimic region mat has a strffiness essentially equivalent to the stiffness of the overlap region, to provide lank 
resistance. A stent having such a mimic region or otherwise stiff region and a flexible region may have a transition region between 
the stiff and flexible regions, such as a bridging material attached to me stent also to provide kink resistance. A stent may have 
relatively stiff regions and relatively flexible regions positioned to align the flexible regions with curved regions of a body lumen 
when deployed within the body lumen. The stiffness of die stiff, flexible, and transition regions may be controlled by attaching 
material to the stent, varying the cross-sectional area of the stent components, varying the metallurgical properties thereof, and/or by 
varying the stent architecture. Methods for providing kink resistance by controlling stent stiffness are also disclosed. A stent having 
regions of different metallurgical properties is also disclosed, as are methods for creating such a stent 
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section 14. The mismatched stiffness between interfaces 15 and 19 arises in part because 
interface 19 comprises an overlap between the structure of leg 20 and the structure of socket 18, 
whereas interface 15 has no such overlapping structure. 

The resulting different properties of interfaces 15 and 19 may predispose the stent 
to unwanted in vivo behavior such as local kinking, occlusion, or bending. Because the lumen 
itself into which stent 10 is placed may vary in stifmess and/or geometry, may require the stent to 
conform to tortuous anatomy, and/or may require the stent to accommodate bending or 
longitudinal or transverse deformations, it is desirable that the stent mimic the lumen and respond 
coherendy to applied deformation or loading. Thus, it is desirable to provide a stent design that 
does not have local regions of mismatched stifmess such as interfaces 15 and 19 as shown in Fig. 
1. 

The interfaces between adjacent stent regions of different stiffness may also cause 
kinking, occlusion, or bending at the interface due to the drastic change in properties from one 
region to another. Thus, it is also desirable to minimize problems caused by abrupt stifmess 
interfaces between adjacent stent regions. 

SUMMARY OF THE INVENTION 
One aspect of the invention comprises a modular elongated stent for holding open 
a body lumen and for assembly in situ, the stent comprising at least a first component and a 
second component, the stent having an assembled configuration comprising the first component 
and the second component assembled together. The stent comprises an overlap region of the first 
component adapted to receive a portion of the second component in the assembled configuration, 
the overlap region having a first set of manipulation properties in the assembled configuration. 
One or more flexible stent regions are attached to the overlap region. Each flexible region has a 
second set of manipulation properties that differs from the first set of manipulation properties. 
The second set of manipulation properties includes greater flexibility, greater kink resistance, 
and/or less radial strength than the first set of manipulation properties. A inimic region is 
attached to the flexible region, the mimic region having a third set of manipulation properties that 
is essentially equivalent to the first set of manipulation properties. 

The different manipulation properties may be achieved by the flexible regions and 
munic region having different metallurgical properties, such as a different annealing history, by 
each region having structural elements of differing cross-sectional areas, or by the mimic region 
having reinforcing material attached thereto. The reinforcing material may comprise an 
overlapping stent or one or more stiffening filaments. 

The modular stent may be a bifurcated modular stent in which the first component 
comprises a bifurcated component comprising a trunk section, a bifurcated section attached to the 
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manipulation properties different than the first set of manqmlation properties, the second set of 
manipulation properties including at least one of: greater flexibility, greater kink resistance, or 
less radial strength than the first set of manipulation properties. The method comprises providing 
a mimic region having a third set of manipulation properties essentially equivalent to the first set 
of manipulation properties. 

Providing the mimic region may comprise modifying the mimic region relative to 
the flexible region by modifying its local metallurgical properties, providing members having a 
larger cross-sectional area, attaching reinforcing material, and/or modifying the stent architecture. 
Modifying the metallurgical properties may comprise heat treating the mimic region, such as by 
local laser heat treating. Modifying the metallurgical properties may in the alternative comprise 
providing a different annealing history for the mimic region. Thus the invention also comprises 
providing an elongated stent for holding open a body lumen with a first longitudinal region having 
first metallurgical properties and a second longitudinal region having second metallurgical 
properties. The method comprises exposing the first longitudinal region to a first annealing 
history and exposing the second longitudinal region to a second annealing history. 

Providing the different annealing history may comprise providing a zoned 
annealing furnace having a relatively hotter region and a relatively cooler region, and annealing 
the stent by exposing the flexible region of the stent to the relatively hotter region of the furnace 
and exposing the stiff region of the stent to the relatively cooler region of the furnace. Another 
method of providing the different annealing history for the mimic region comprises mounting the 
stent during annealing on a mandrel having a relatively high thermal conductivity region and a 
relatively low thermal conductivity region or a relatively high heat sink region and a relatively 
low heat sink region. The relatively high heat sink region or relatively high thermal conductivity 
region of the mandrel is co-located with the stiff region of the stent, whereas relatively low heat 
sink region or relatively low thermal conductivity region of the mandrel is co-located with the 
flexible region of the stent. Because of the relatively different heat sink or thermal conductivity 
properties in different portions of the mandrel, the flexible region attains a higher annealing 
temperature or greater thermal input/load than the stiff region. The relatively high heat sink 
region or relatively high thermal conductivity region tends to conduct more heat away through the 
mandrel than the relatively low heat sink region or relatively low thermal conductivity region. To 
create differential heat sink regions, the mandrel may be fabricated of a greater cross-sectional 
mass in the high heat sink region than in the low heat sink region. To create differential heat 
conductivity regions, the mandrel may be fabricated, for example, of metal in the high 
conductivity region and ceramic in the low heat conductivity region. 
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Fig 5 is a schematic 

zoned annealing furnace, showing a graph of the temperature gradient in me furnace. ^ 
Fig. 6A is a cross-sectional illustration of a stent mounted on an exemplary 

mandrel having a variable conductive mass per unit length. 

Fig 6B is a cross-sectional illustration of a stent mounted on an exemplary 

conductivity. , , . 

Fig. 6C is a cross-sectional illustration of a stent mounted on a mandrel and 

partially covered with a shielding collar. 
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Fig. 7 is a side view of a portion of a wire stent having multiple wire diameters. 

Fig. 8 is a cross section of a tortuous lumen having a stent mounted therein. 

Fig. 9A is a plan view of an exemplary stent embodiment cut along a line parallel 
to the stent axis and flattened, showing a stent having a modified stent architecture creating a stiff 
region and a transition region. 

Fig. 9B is a plan view of another exemplary stent embodiment cut along a line 
parallel to the stent axis and flattened, showing a stent having a modified stent architecture 
creating a stiff region and a transition region. 

Fig. 10 is a plan view of an exemplary stent embodiment where the stent has been 
cut along a line parallel to the stent axis and laid flat, showing a stent having a modified ratio of 
connected to unconnected apex sections to create a stiff region and a transition region. 

Fig. 11 is a side view schematic showing an exemplary stent being bent into an 

arc. 

Fig. 12 is a plan view of an exemplary diamond stent embodiment where the stent 
has been cut along a line parallel to the stent axis and laid flat, showing a stent having a gradient 
of box nodes between a stiff region having a lot of box nodes and a more flexible region having 
fewer box nodes. 

Fig. 13 is a longitudinal section of an exemplary braided stent having a polymer 
coating over die filaments of the stent to create a stiffened region, with a gradient number of 
spray coatings applied to provide a stiffness gradient between the relatively stiff and relatively 
flexible regions. 

DETAILED DESCRIPTION OF INVENTION 
The invention will next be illustrated with reference to the figures wherein similar 
numbers indicate the same elements in all figures. Such figures are intended to be illustrative 
rather than limiting and are included herewith to facilitate the explanation of the apparatus of the 
present invention. 

A typical stent has a number of manipulation properties, such as stiffness or 
flexibility, radial strength, and kink resistance. As used herein, "flexibility" or stiffness can be 
described in terms of the amount of force required to deform a stent into an arc. For example, 
referring to the schematic representation in Fig. 11, the force/ required to bend tubular stent 
2000 of a particular length into a given arc having a central angle and a given arc radius, is a 
measure of the stent flexibility . Thus, comparing two stents of equal length with different stent 
architectures, the stent requiring greater force to bend it into a given arc is relatively stiffer, 
whereas the stent requiring lesser force is relatively more flexible. 

A measure of the "kink resistance" of a stent is the kink angle at or kink radius 
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unconnected elements. 

One component of stent architecture is geometric configuration. The "geometric 
configuration" refers to the geometric shape of the elements created within the stent. Thus, for 
instance, a stent having a filamentary, wound, polygonal cell stent architecture may have a 
geometric configuration wherein the cells are hexagonal and have a first size. Another stent 
having hexagonal cells of a second size still has the same geometric configuration as the stent 
having the hexagonal cells of the first size, but may still be said to have a different stent 
architecture. 

Stiffness (or flexibility), kink resistance, and radial strength are somewhat 
interrelated, in that for a given stent architecture, a design having a greater stiffness (and thus, 
lesser flexibility) generally has greater radial strength and less kink resistance as well. Although 
the three properties are interrelated, however, they are not necessarily proportionally or linearly 
related. That is, a first stent having 20% greater stiffness than a second stent may not necessarily 
have 20% greater radial strength or 20% less kink resistance, despite having some greater degree 
of radial strength and some lesser degree of kink resistance. Also, a particular stent architecture 
may have, as an inherent function of its design, both greater stiffness and greater kink resistance 
as compared to another stent architecture. Because these properties are somewhat interrelated to 
one another and they all relate to reaction of the stent to manipulation (bending or radially 
compressing), the term "manipulation property" is used herein to designate any one or more of 
these properties to facilitate discussion of this invention. Additionally, examples of different 
regions having different manipulation properties are discussed herein primarily in terms of 
variation in flexibility or stiffness. It should he understood, however, that whereas one stent 
region with respect to another may he characterized for brevity and convenience herein with 
respect only to differing stiffness, that region may also have a different radial strength and/or kink 
resistance as well. 

Referring now to Fig. 2, stent 20 is a modular bifurcated stent essentially identical 
to the stent shown in Fig. 1 except for a modification according to the present invention. Stent 
20, shown in its unassembled configuration, has two modular components: bifurcated component 
30 and modular leg component 40. Bifurcated component 30 comprises a trunk section 32, a 
branching section 34 and a fixed leg section 38. Branching section 34 has a first branch 33 
comprising a socket 35 and a second branch 36 comprising a fixed leg interface 37, from which 
fixed leg section 38 depends. In the assembled configuration of the stent 20, similar to the 
assembled configuration of stent 10 shown in Fig. 1, mating portion 23 of modular leg component 
40 inserts into socket 35, creating a stiff, overlap in region 22. Although overlap region 22 is not 
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in Ihose regions. The stiffening in regions 137 and 123 may be effected by any of the methods 

discussed herein below. 

Although discussed with respect to Figs. 1 and 2 in terms of a bifurcated modular 
stent, non-bifurcated modular stents also have overlap regions that may benefit from providing a 
5 mimic region elsewhere in the stent to match the manipulation properties of the overlapping 
region of the stent. Many stent embodiments have multiple regions with different manipulation 
properties, such as higher radial strength sections at the ends of a stent, that do not necessarily 
mimic other regions of the stent. Regardless of how or why such regions are created, another 
aspect of this invention addresses the discontinuity of manipulation properties that arises between 

10 adjacent stiff and flexible regions. 

Referring now to Fig. 3, there is shown a portion of a stent 21 having a relatively 
stiff, reinforced region 26 (or rnimic region) and relatively more flexible regions 24, and further 
comprising a transition region 52 between reinforced region 26 and flexible regions 24. 
Transition regions 52 have intermediate manipulation properties, such as greater stiffness than in 
15 flexible regions 24 and less stiffness than in mimic region 26. Transition region 52 may comprise 
a gradually increasing stiffness (i.e. , a gradient) from the flexible region 24 to the mimic region 
26 as one travels along the length of transition region. Thus, as used herein, an "intermediate- 
property of a transition section is a property between the two sections on either end of the 
transition section, with the property retaining the same value along the length of the transition 
20 section or gradually changing along the length of the transition section, as a gradient. 

As shown in Fig. 3, transition region 52 may comprise a bridging material, such 
as a plurality of bridging filaments 54, attached to the stent. Stent 21 as shown in Fig. 3 is a 
wound stent, such as a wire stent comprising nitinol wires. Thus, filaments 54 may typically 
comprise metal wires, such as nitinol, welded to the stent, but may comprise other filaments 
known in the art such as polymeric filaments, and may be attached by other means such as 
adhesive bonding, suturing, or other methods known in the art. The bridging filaments create a 
"force bridge" that provides a stiffness gradient between the flexible region 24 and the reinforced 
region 26, dampening the step-change in stiffness. Other means for providing a transition region 
having intermediate manipulation properties or a gradient of manipulation properties may also be 
30 used, however, some examples of which are discussed herein later. 

Returning now to Fig. 2, stiffened region 137 on leg 38 may thus be a transition 
region of intermediate stiffening between the relatively greater stiffening desired for fixed leg 
interface 37 to rnimic overlap region 22 and the normal flexibility of the remainder of leg 38. 
Stiffened region 123 therefore essentially nurnics transition region 137, as region 123 stands alone 
35 without any corresponding region of greater stiffness on leg 40 to transition from, as the greater 
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input typically takes the form of a time integral of temperature. The thermal input necessary to 
create the desired properties in a wire is dependent upon the material composition of the wire, the 
diameter of the wire, and the cold-working or strain history of the wire. Accordingly the precise 
temperatures and times of exposure vary depending upon the pre-annealed and desired annealed 
properties of the wire, but are known by those skilled in the art for specific wire grades 
commonly used and are readily determinable for new wire grades by experimentation. 

In one method, illustrated in Fig. 5, a zoned annealing furnace 150, such as is 
well-known in the art, is used to provide a relatively hotter region 152 and a relatively cooler 
region 154, as illustrated by the temperature/position curve shown in graph 170. Stent 100 is 
annealed on mandrel 160 by exposing flexible region 124 of the stent to relatively hotter region 
152 of furnace 150 and exposing stiff region 126 of the stent to relatively cooler region 154 of the 
furnace. Annealing stent 100 for a predeterrnined amount of time with such exposures thus 
provides flexible region 124 with a greater thermal input than stiff region 126. Because the 
furnace has a temperature gradient 171 between relatively hotter region 152 and relatively cooler 
15 region 154, stent 100 further comprises a transition region 125 having a gradient of metallurgical 
properties from flexible region 124 to nnmic region 126. For example, a 3-zone tube furnace, 
marketed by Carbolite of Sheffield, England, can supply up to three different temperature zones, 
each 200 mm long, with a maximum differential of 30°C between each pair of adjacent zones. A 
30°C temperature differential is sufficient to produce desired differences in manipulation 
20 properties across corresponding regions in the stent and gradient intermediate properties between 
the regions. Although illustrated in Fig. 5 with only 2 temperature zones and 2 corresponding 
regions of the stent, it should be understood that a stent according to the present invention may be 
made with as many different zones as can be supplied by the annealing furnace, including more 
man 3 zones. 

25 Referring now to Fig. 6A, another method of providing a different annealing 

history for the stiff region 126 versus the flexible region 124, is to provide a hollow mandrel 170 
that has a high heat sink region 172 and a low heat sink region 174. High heat sink region 172 
has a relatively higher thermally conductive mass per unit length than low heat sink region 174. 
For example, as shown in Fig. 6A, high heat sink region 172 may comprise a region having a 

30 greater cross-sectional mass than the low heat sink region 174. High heat sink region 172 of the 
mandrel 170 is co-located with stiff region 126 of stent 100 and low heat sink region 174 of 
mandrel 170 is co-located with flexible region 124 of the stent. 

During annealing, the thermal inertia provided by high heat sink region 172 as 
compared to low heat sink region 174, provides for a longer heat-up time in the high heat sink 

35 region that keeps stiff region 126 from experiencing as much thermal input as flexible region 124. 
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Another way for providing regions of a stent having different manipulation 
properties is to vary the cross-sectional area of the structural elements of the stent. Thus, 
referring now to Fig. 7, for a metal wire stent 200, wire 202 in flexible region 224 may have a 
smaller diameter di than wire 204 in the stiff region 226 having a diameter da. For non-wire 
stents, such as laser-cut tubular stents, the metal left between the laser-cut slots may be thicker in 
the stiff region than in the flexible region. Where it is desired to provide a gradient in 
manipulation properties from one region to another, wire 206 in transition region 252 may be an 
intermediate thickness 63, or wires 202, 204, and 206 may together form a continuous wire 
having a diameter gradient between flexible region 224 and stiff region 226 decreasing from d< to 
d3 to cfc to di. 

The embodiments described above relating to modifying the metallurgical 
properties or the cross-sectional area of the stent wire in certain regions to provide more stiffness 
are also well suited for use in reverse to provide more flexible areas. For example, referring now 
to Fig. 8, there is shown an elongated stent 60 for holding open designated portion 62 of body 
lumen 64 having curved regions 66. Designated portion 62 has a length Li. Stent 60 has an 
expanded configuration for deployment within the body lumen as shown in Fig. 8, a compressed 
configuration (not shown) for introduction and transport within the lumen prior to deployment as 
is well-known in the art, and a length equivalent to length L,. Stent 60 has relatively stiff regions 
68 and relatively flexible regions 70, each of the flexible regions positioned to align with one of 
Ihe curved regions 66 of the body lumen 64 when stent 60 is deployed. Given a standard stiffness 
for a certain stent design, relatively flexible regions 70 may be tailored by reducing the cross 
sectional area of the stent or by providing a higher annealing temperature, rather than tailoring 
relatively stiff regions 68 by increasing the cross-sectional area or providing a lower annealing 
temperature. 

Modifying stent architecture may also be used for providing regions of different 
manipulation properties within a stent to mimic another region of the stent and/or to provide kink 
resistance. For example, as shown in Figs. 9A, 9B, and 10, the stent may have a stent 
architecture comprising a recurrent pattern of geometric elements - stmts 302 connected at apex 
sections 304 to form zigs 306 and zags 307, each zig comprising apex section 304i and the top 
half of connected struts 302i pointing in one direction (down, as shown in Fig. 9A) and each zag 
comprising an apex section 304a and the bottom half of connected stmts 302a pointing in the 
opposite direction (up, as shown in Fig. 9A). The elements are arranged in circumferential hoops 
308 axially attached to one another. Although shown in Figs. 9A and 9B as circumferential hoops 
308 and 1308 normal to the axis of the stent, a hoop in a helical winding pattern may comprise 
one 360° helical revolution of the wire about the stent. Each zig in hoop 308f of flexible section 
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angles between structural members, or different ratios of connected elements, to provide similar 
variations in manipulation properties. 

In the embodiments shown herein, the stiff and the flexible regions have the same 
general stent geometry. That is, although certain features of the architecture may be changed, 
5 such as zig height, number of zigs, or ratio of connected to unconnected zigs, the general zig-zag 
geometry is still maintained. In other stent designs, such as those described in application 
09/442,165, filed on November 16, 1999, and assigned to the common assignee of this invention, 
incorporated herein by reference, two entirely different filamentary stent geometries may be 
linked together, such as a braided stent geometry and a zig-zag stent geometry. Each geometry 

10 has respective manipulation properties, and thus the interface between regions of different 
geometry, in certain configurations, may present a distinct step change. Thus, the present 
invention of providing a transition region between a relatively stiff and a relatively flexible region 
may be incorporated into such a design, such as by attaching wires as force bridges between the 
different stent geometry regions. 

15 Another broad category of stent architecture is described in co-pending patent 

application [CIP of U.S. Serial No. 09/052,214] to Colgan et al 9 (hereinafter "the Colgan 
Application") assigned to the assignee of the present invention, and incorporated herein by 
reference. Referring now to Fig. 12, the "diamond stent" 3000 described in the Colgan 
Application comprises a pattern of diamond-shaped elements 3002. The Colgan Application also 

20 discloses box nodes 3004 that may be placed at one or more interfaces 3006 between adjacent 
diamond elements.. The Colgan Application discloses that box nodes 3004 may be used for 
providing local stiffness in one region as compared to another, such as greater stiffness at the 
ends than in the middle. Interfaces 3006 without box nodes comprise "empty interfaces" 3007. 
The present invention of modifying the stent architecture to provide a transition region between 

25 areas of different stiffness may be applied to the invention described in the Colgan Application, as 
may the present invention of providing a stiffened region to mimic another region of a stent 
Where a localized region 3008 is strengthened with a greater ratio of box nodes 3004 to empty 
interfaces 3007 as compared to another region 3009, a transition region 3010 may contain an 
intermediate ratio of box nodes to empty interfaces or a gradient in the ratio. As is shown in Fig. 

30 12, region 3008 has a box node at every circumferential interface 3006, or a ratio of 4:0 box 
nodes to empty interfaces 3007, whereas region 3009 has only one box node per circumferential 

| revolution, or a ratio of 1:3 box nodes to empty interfaces. Transition region 3010 contains an 
intermediate ratio of box nodes 3004 to empty interfaces 3007 in the form of a gradient of 3: 1 to 
2:2 box nodes to empty interfaces between from region 3008 with an infinite ratio and region 

35 3009 with a 1:3 ratio. Region 3008 may be a mimic region that is stiffened using box nodes to 
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points 133 in Fig. 13, the polymer coating is applicable to stents having only near-contact points, 
a near-contact point being defined as a point where stent filaments do not actually cross or contact 
one another, but are close enough that the polymer can bridge the distance between the filaments. 
Furthermore, as is well-known in the art, filamentary stent architectures have some degree of 
interstitial space defined by the filaments. The interstitial space may be in the form of discrete 
closed cells bounded on all sides by filamentary structure, or a continuous open space connected 
by the gaps between near-contact points. The polymer coating method of the present invention, 
as described in the Pinchuk patent, does not substantially occlude the interstitial space. That is, a 
majority of the interstitial space still remains after the coating process, even if the coating process 
may segment a formerly continuous open space into discrete cells by closing gaps between near- 
contact points. 

While the present invention has been described with respect to specific 
embodiments thereof, it is not limited thereto. Therefore, the claims that follow are intended to 
be construed to encompass not only the specific embodiments described but also all modifications 
and variants thereof which embody the essential teaching thereof. 
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What is claimed: 
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1 A modular elongated stem for holding open a body lumen and for 

I assemo*,^ 

3 having an assembled*^ 

4 assembled together, the stent comprising: 

an overlap region in the first component adapted to recerve a portron of the 

6 second component in me assembled configuration, the overlap region having a first set of 
n ™«mulation properties in the assembled configuration; 

7 1 0I „„re » regions attached » the overtap regie, each •« regron 
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5 and a second branch comprising a fixed leg interface, and a fixed leg section depending from the 

6 fixed leg interface, and 

7 the second component comprises a modular leg component having a mating 

8 portion adapted for mating with the socket, 

9 wherein the overlap region comprises the socket, the assembled configuration 

10 comprises the mating portion of the modular leg component inserted in the socket, the mimic 

11 region comprises the fixed leg interface, and the flexible regions comprise the trunk section and 

12 the fixed leg section. 

1 9. The stent of claim 8 further comprising a transition region between the 

2 fixed leg and the fixed leg interface and a transition mimic region in the modular leg component 

3 adjacent the mating portion, the transition region comprising an intermediate set of manipulation 

4 properties between the second set of manipulation properties and the third set of manipulation 
properties and the transition mimic region comprising a fourth set of manipulation properties 

6 essentially equivalent to the intermediate set of manipulation properties. 

j 10. The stent of claim 1 further comprising a transition region between the 

2 flexible region and the mimic region, the transition region comprising an intermediate set of 

3 manipulation properties between the second set of manipulation properties and the third set of 

4 manipulation properties. 

11. The stent of claim 9 wherein me transition region comprises a gradient of 

2 manipulation properties from the second set of manipulation properties to the third set of 

3 manipulation properties. 

12. The stent of claim 1 wherein the overlap region has a first stiffness, the 
flexible region has a second stiffness less than the first stiffness, and the nnmic region has a ihird 
stiffness essentially equivalent to the first stiffness, the stent further comprising a transition region 
between the flexible region and the mimic region, the transition region comprising an intermediate 

5 stiffness greater than the second stiffness and less than the third stiffness. 

1 13 . The stent of claim 12 wherein the transition region comprises a stiffness 

2 gradient from the second stiffness to the third stiffness. 

1 14 The stent of claim 1 1 wherein the transition region comprises a bridging 

2 material attached to the stent between the mimic region and the flexible region. 

1 15 . The stent of claim 14 wherein the bridging material comprises one or 

2 more wires attached to the stent 

! 16 Tb e stent of claim 11 wherein the mimic region has different 

2 metallurgical properties than the flexible region and the transition region comprises a gradient of 

3 metallurgical properties from the flexible region to the inimic region. 
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Tfce stent of claim 1 wherein the mimic region comprises a region of 

■ ik^-ta ^BaasKoaregioncornpnahrg a gradiem from *e secood 
fleribfe regronaad to rrumrc reg«, ^^arue,, wherein salmon 

' „ •„„ a r K ur,en<par tt n.ofdiamond-sl^el=«n«toananar.geme n . 

3 cfd^mfc^ttl hoops axralya. , ^ etemm arleaatoBah^rfacacoorpriamsabox 

4 hdarfaco^aneaarooeote—^^ of the 

6 stentbavmgarattoofboxnoaestoempy 

' • , ^hunenhavingoaeormoreoarvacragiom.tetoigBa^portonhavinga 

poruoo of a hod, lumen wifllin te hod, .umen, a 



6 



2 
3 
4 
5 

6 method comprising 



-22- 

7 a) designing and fabricating the stent comprising one or more relatively stiff 

8 regions having a first stiffness and one or more relatively flexible regions having a second 

9 stiffness less than the first stiffness, each of the relatively flexible regions positioned to align with 

10 one of the curved regions of the body lumen when the stent is deployed within the body lumen; 

u b) compressing the stent, loading it within an introducer, and introducing the 

12 stent into the body lumen, and 

13 c ) deploying the stent from the introducer into the body lumen and 

14 positioning each of the relatively flexible regions in alignment with one of the curved regions of 

15 the body lumen. 

1 23 The method of claim 22 wherein fabricating the stent in step (a) comprises 

2 providing the relatively stiff region with first metallurgical properties and providing the relatively 

3 flexible region with second metallurgical properties different than the first metallurgical 

4 properties. 

1 24. The method of claim 22 wherein fabricating the stent in step (a) comprises 

2 providing the relatively stiff region with a plurality of structural elements having a first cross- 

3 sectional area and providing the relatively flexible region with a plurality of structural elements 

4 having a second cross-sectional area smaller than the first cross-sectional area. 

, . 25. The method of claim 22 wherein fabricating the stent in step (a) further 

2 comprises providing one or more transition regions, each transition region positioned at an 

3 interface between each relatively stiff region and an adjacent relatively flexible region, each 

4 transition region comprising an intermediate stiffness less than the first stiffness and greater than 

5 the second stiffness. 

, 26. The method of claim 25 wherein step (a) further comprises providing the 

2 transition region with a stiffness gradient from the first stiffness to the second stiffness. 

1 27. The method of claim 26 wherein step (a) further comprises attaching 

2 bridging material to the stent between the relatively stiff region and the relatively flexible region 

3 to provide the transition region. 

1 28. The method of claim 27 wherein step (a) further comprises welding one 

2 or more wires between the relatively stiff region and the relatively flexible region as bridging 

3 material. 

1 29. The method of claim 26 wherein step (a) further comprises providing the 

2 flexible region with different metallurgical properties than the relatively stiff region and step (a) 

3 further comprises providing the transition region with a gradient of metallurgical properties from 

4 me relatively flexible region to the relatively stiff region . 



30 The method of claim 25 wherein step (a) comprises providing the 

5 including at least one of: greater flexibility, great r 
1 • ^A. second set of manipulation properties. 
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1 38. The stent of claim 36 further comprising a transition region between the 

2 first longitudinal region and the second longitudinal region, the transition region having third 

3 metallurgical properties. 

1 39. The stent of claim 36 further comprising a transition region between the 

2 first longitudinal region and the second longitudinal region, the transition region having a gradient 

3 of metallurgical properties between the first metallurgical properties and the second metallurgical 

4 properties. 

1 40. A method for providing kink resistance in an elongated stent adapted to 

2 hold open a body lumen, the stent having at least one stiff region with a first set of manipulation 

3 properties and at least one flexible region with a second set of manipulation properties different 

4 than the first set of manipulation properties, the second set of manipulation properties including at 

5 least one of: greater flexibility, greater kink resistance, or less radial strength than the first set of 

6 manipulation properties, the method comprising: 

7 providing a mimic region having a third set of manipulation properties essentially 

8 equivalent to the first set of manipulation properties. 

t 41. The method of claim 40 wherein providing the mimic region comprises 

2 modifying the mimic region relative to the flexible region by one of: modifying the metallurgical 

3 properties, providing members having a larger cross-sectional area, attaching reinforcing 
material, modifying the stent architecture, applying a polymer coating, or a combination thereof. 

42. The method of claim 41 wherein modifying the metallurgical properties 

comprises heat treating the mimic region. 

43. The method of claim 42 wherein the heat treating step comprises local 



l 



2 laser heat treating. 

1 44. The method of claim 41 wherein modifying the metallurgical properties 

2 comprises providing a different annealing history for the mimic region. 
45. The method of claim 44 wherein providing the different annealing history 

2 for the mimic region comprises: 

3 a) providing a zoned annealing furnace having a relatively hotter region with 

4 a first temperature and a relatively cooler region with a second temperature less than the first 

5 region; and 

6 b) annealing the stent by exposing the flexible region of the stent to the 

7 relatively hotter region and exposing the stiff region of the stent to the relatively cooler region. 

j 46. The method of claim 44 wherein providing the different annealing history 

2 for the mimic region comprises: 
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1 52. The method of claim 41 wherein attaching reinforcing material comprises 

2 attaching one or more stiffening filaments. 

1 53. The method of claim 41 wherein attaching reinforcing material comprises 

2 attaching an overlapping stent. 

1 54. A method for mmimizing kinking of an elongated stent during 

2 introduction of the stent through the body lumen to a deployment location and during deployment 

3 of the stent at the deployment location, the stent having at least one stiff region with a first set of 

4 manipulation properties adjacent to at least one flexible region with a second set of manipulation 

5 properties afferent than the first set of manipulation properties, the second set of manipulation 

6 properties including at least one of: greater flexibility, greater kink resistance, or less radial 

7 strength man the first set of manipulation properties, the method comprising: 

g a) fabricating the stent with a transition region between tbe stiff region and 

9 each flexible region, the transition region having a third set of manipulation properties between 

10 the first set of manipulation properties and the second set of manipulation properties; 
b) radially compressing the stent and loading the stent into an introducer; 
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c) navigating the introducer through a tortuous body lumen while the 
transition region niinimizes kinking of the stent resulting from the difference between the first set 
15 of manipulation properties and the second set of manipulation properties. 
! 55. The method of claim 54 wherein step (a) further comprises providing the 

transition region with a gradient from the first set of manipulation properties to the second set of 
3 manipulation properties. 

! 56. The method of claim 55 wherein step (a) further comprises providing the 

transition region with the gradient by attaching bridging filaments between the stiff region and the 
3 flexible region. 

! 57. The method of claim 55 wherein step (a) further comprises providing the 

flexible region with first metallurgical properties and providing the stiff region with second 
metallurgical properties, wherein the step of providing the transition region with a gradient 
comprises providing the transition region with a gradient of metallurgical properties from the stiff 
5 region to the flexible region. 

j ' 58 The method D f dafan 55 wherein step (a) further comprises providing the 

2 stent with a stent architecture comprising a recurrent pattern of geometric elements in an 

3 arrangement of circumferential hoops axially attached to one another, one or more elements of 

4 each hoop comprising connected elements that are connected to an axially adjacent hoop, any 

5 elements not connected to an axially adjacent hoop being unconnected elements, each hoop 
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6 b) annealing the stent by exposing the first longitudinal region of tbe stent to 

7 the first zone of die furnace while exposing the second longitudinal region of the stent to the 

8 second zone of the furnace. 

1 64 . The method of claim 63 further comprising creating a third longitudinal 

2 region of the stent intermediate the first longitudinal region and the second longitudinal region, 

3 the third longitudinal region having a third set of manipulation properties, the method comprising 

4 providing a transition region between the first zone and the second zone, the transition region 

5 comprising a range of temperatures between the first temperature and the second temperature, and 

6 annealing the stent by exposing the third longitudinal region to a third annealing history by 

7 exposing the third longitudinal region to the third zone of tbe furnace. 

1 65. The method of claim 61 wherein exposing the first longitudinal region to a 

2 first annealing history and exposing the second longitudinal region to a second annealing history 

3 comprises: 

4 a) providing a mandrel having a first region adapted to provide a first heat- 

5 up time and a second region adapted to provide a second heat-up time when the mandrel is 

6 initially placed in an annealing furnace; 

7 b) mounting the stent on the mandrel such that the first longitudinal region of 

8 the stent is aligned with the first region of the mandrel and the second longitudinal region of the 

9 stent is aligned with the second region of the mandrel; and 

[0 c) annealing the stent such that the first longitudinal region experiences a 

1 1 different thermal input than the second longitudinal region. 

66. The method of claim 65 further comprising creating a third longitudinal 
region of the stent intermediate the first longitudinal region and the second longitudinal region, 
the third longitudinal region having a third set of manipulation properties, the method comprising 
providing a transition region on the mandrel between the first region and the second region, the 
transition region adapted to provide a third heat-up time intermediate the first heat-up time and the 
second heat-up time, and annealing the stent so mat the third longitadinal region experiences an 
mtermediate thermal input between the thermal input experienced by the first longitodinal region 

8 and the thermal input experienced by the second longitudinal region. 

67. The method of claim 66 comprising providing the third region if the 
mandrel with a gradient heat-up time between the first heat-np time and the second heat-up time, 

, and creating the third longitodinal region with a stiffness gradient in manipulation properties 
4 between the first set of manipulation properties and the second set of manipulation properties. 
! 68. Thememodofclaim65wheremprovidmgmeniandrelhavmgafirst 

2 region and a second region comprises providing the first region having a different property than 
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experienced by the first longitudinal region and the thermal input experienced by the second 
longitudinal region. 

73. The method of claim 72 comprising providing the transition collar with a 
thickness gradient, and creating the third longitudinal region with a stiffness gradient in 
manipulation properties between the first set of manipulation properties and the second set of 

manipulation properties. 

74. The stent of claim 1 wherein the stent comprises one or more filaments 
formed in a pattern comprising one or more contact points or near-contact points and one or more 
interstitial spaces bounded by the filaments, and the mimic region comprises a polymer coating on 
the filaments in the mimic region mat does not substantially occlude the interstitial spaces. 

75. The stent of claim 74 wherein the overlap region has a first stiffness, the 
flexible region has a second stiffness less than the first stiffness, and the mimic region has a third 
stifmess essentially equivalent to the first stiffness, the stent further comprising a transition region 
between the flexible region and the mimic region, the transition region comprising an intermediate 
stifmess greater man the second stifmess and less than the third stifmess, the polymer coating on 
the filaments in the mimic region having a first thickness and the filaments in the transition region 
having a polymer coating of a second, lesser thickness. 

76. The stent of claim 75 wherein the polymer coating in the transition region 

2 comprises a thickness gradient mat provides a stifmess gradient from the second stiffness to the 

3 third stiffness. 

77. The method of claim 22 wherein step (a) comprises fabricating the stent 

2 from one or more filaments formed in a pattern comprising one or more contact points or near- 

3 contact points and one or more interstitial spaces bounded by the filaments, and coating the 

4 filaments in the relatively stiff region with a polymer that does not substantially occlude the 

5 interstitial spaces. 

j 78 xhememodofclami77wheremfabricatmgmestentmstep(a)nirmer 

2 comprises providing one or more transition regions, each transition region positioned at an 

3 interface between each relatively stiff region and an adjacent relatively flexible region, each 

4 transition region comprising an intermediate stifmess less than the first stiffness and greater than 

5 the second stiffness, the polymer coating on the filaments in the relatively stiff region having a 

6 first thickness and the filaments in the transition region having a polymer coating of a second, 

7 lesser thickness. 

1 79. The method of claim 78 wherein fabricating the stent in step (a) further 

2 comprises providing the polymer coating in the transition region with a thickness gradient that 

3 provides a stiffness gradient from the second stifmess to the third stiffness. 
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